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FOREWORD 

This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the Plastics 
Sectional Committee, had been approved by the Petroleum, Coal and Related Products Division Council. 

It is recognized that for the satisfactory design of glass reinforced polyester resin mouldings, it is necessary 
to give critical consideration to the selection and use of both resin system and the reinforcement. Prior to the 
acceptance of a particular design it may be necessary to undertake a programme of evaluation tests relevant 
to the specific applications. 

The purpose of this guide is to facilitate the preparation of adequate schemes for the quality control of glass 
reinforced polyester resin mouldings for agreement between the purchaser and the supplier. It is not intended 
in this guide to deal with the specific problem, but with the tests of a routine nature undertaken to ensure the 
continued supply of satisfactory mouldings. 

Considerable assistances have been derived while preparing this guide from BS 4549:Part 1:1970 'Guide to 
Quality Control Requirements for Reinforced Plastics Mouldings, Part 1 Polyester resin mouldings reinforced 
with chopped-strand mat or randomly deposited glass fibres' issued by British Standards Institution(BSI). 
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Indian Standard 



GUIDE FOR MANUFACTURE OF GLASS 
REINFORCED POLYESTER RESIN MOULDINGS 



1 SCOPE 

This guide makes recommendations for the preparation 
of a scheme to control the quality of mouldings made 
from glass fibre reinforcements bonded with filled or 
unfilled polyester resin systems. 

2 NORMATIVE REFERENCES 

The following standards contain provisions which, 
through reference in this text constitute provisions 
of this standard. At the time of publication, the^ditions 
indicated were valid. All standards are subject to 
revision and parties to agreements based on this standard 
are encouraged to investigate possibility of applying 
the most recent editions of the standards indicated 
below: 

IS No. Title 

2824.1975 Method for determining the 
comparative tracking index of solid 
insulating materials under moist 
conditions (first revision) 

3396 : 1979 Methods of test for volume and 
surface resistivities of electrical 
insulating materials ( first 
revision ) 

4486 : 1967 Recommended methods for the 
determination of the permitivity and 
electric dissipation factor of 
electrical insulating materials at 
power, audio and radio frequencies 
including metre wavelengths 

6262 : 1971 Method of test for power factor 
and dielectric constant of electrical 
insulating liquids 

6746: 1994 Unsaturated polyester resin 

systems (first revision ) 

8543 Methods of testing plastics: 

(Part4/Sec 1): Part 4 Short term mechanical 
1984 properties, Section 1 Determination 

of tensile properties 

1 1273 : 1992 Woven roving fabrics of 'E' glass 
fibre (first revision ) 



11551: 1996 



13411:1992 

13360 

(Part5/Sec 11): 
1992 



IS No. Title 

1 1 3 20 : 1 996 Glass fibre ravings for the reinforce- 
ment of polyester and epoxide 
resin systems 

Glass fibre chopped-strand mat 
(CSM) for the reinforcement of 
epoxy, phenolic and polyester resin 
systems ( first revision ) 

Glass reinforced polyester dough 
moulding compounds 

Plastics-Methods of testing 
plastics: Part 5 Mechanical 
properties, Section 1 1 
Determination of indentation 
hardness of plastics by means of 
durometer (Shore hardness) 

3 PARAMETERS REQUIRING CONTROLS 

3.1 Materials 

In some cases, for adequate control, it is necessary 
to specify the particular resin and reinforcement to 
be used. In these cases the supplier shall be required 
to guarantee that the requirements of the specified 
grade have been met. 

3.1.1 Requirements for ranges of polyester resin used 
shall conform to IS 6746: 1994. The type and dosage 
of catalyst, accelerator/promoter system shall be in 
accordance with the manufacturer's recommendation. 

3.1.2 Requirements for ranges of reinforcement to be 
used shall conform to the relevant IS 11273:1992, 
IS 11320: 1996 and IS 11551: 1996 respectively 

3.2 Visual Examination 

Each moulding shall be examined to ensure that it is 
substantially free from protruding fibres, voids, pits, 
bubbles, cracks, blisters, resin rich or resin starved 
areas, or foreign matters. 

3.3 Tackiness 

Each moulding shall be examined to ensure that it has 
no surface tackiness. 
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3.4 Mass 

In some cases it is useful to check the mass of each 
moulding. In such cases the acceptable variation in 
mass of each moulding shall be agreed between the 
purchaser and the supplier. 

3.5 Dimensions 

3.5.1 Tolerances 

The tolerances of all essential dimensions shall be 
agreed between the purchaser and the supplier. For 
guidance Table 1 lists normal tolerances for the 
thickness of a moulding. 

3.5.2 Measurement 

For small mouldings a micrometer with an anvil of not 
less than 12 mm diameter is suitable; for large mouldings 
measurements shall be made on pieces cut from the 
moulding or a magnetic thickness instrument shall be 
used. 

3.6 Glass Content 

The nominal glass content and limits of its variation 
within a moulding shall be agreed between the purchaser 
and the supplier. In general for a nominal glass content 
of N percent, the permissible range shall not be greater 
than (N-2.5) percent to (N+7. 5) percent. 

3.6.1 Test Procedure 

For unfilled compounds a residue on ignition test 
may be used as a quick control, but with compounds 
containing inert fillers it may be necessary to agree 
on a more elaborate test procedure. If a residue on 
ignition test is used it should be noted that the residue 



will not necessarily represent the combined glass and 
filler content. 

A suitable test method is described in Annex A of 
IS 13411:1992. 

3.7 Cure of Resin 

To ensure that the resin system is adequately cured, 
a minimum value for the 'Barcol' hardness of the 
moulding shall be agreed . The value chosen shall 
be calculated on 90 percent of the minimum hardness 
specified for the cured system by the resin supplier. 

NOTE — The hardness value is temperature dependent, 
and it may be necessary either to quote a test temperature 
with a tolerance of ±2°C or minimum values for a range 
of temperature. 

It shall also be agreed at which places on the moulding 
measurements are to be made; in some cases it may 
be desirable to measure the hardness of the gel-coat 
as well as the main moulding. 

3.7.1 Test Procedure 

The test for hardness of the mould shall be made in 
accordance with the method described in Annex A 
on specimens from which the gel-coat has been removed 
by sanding. This method may be applicable to some 
mouldings with gel-coats, but for more flexible gel- 
coats the method given in IS 13360 ( Part 5/Sec 1 1) 
: 1992 is suitable. 

3.8 Cross Breaking Strength 

The minimum cross-breaking strength shall be agreed 
between the supplier and the purchaser. A suitable 
test is described in IS 13360 ( Part 5/Sec 7 ) : 1996/ 
ISO 178: 1983. 



Table 1 Tolerances 

{Clause 3.5.1) 



Nominal thickness 


Moulding 


Moulding 


Matched 


mm 


from open 


from closed 


metal 




mould, 


mould, 


mould- 




mm 


mm 


ings, mm 


Upto but not including 1.5 


+0.50 
-0.25 


±0.20 


±0.18 


1.5 to but not including 3:0 


±0.75 


±0.30 


1:0.20 


3.0 to but not including 6.0 


±1.1 


±0.50 


±0.30 


6.0 to but not including 12.0 


±1.5 


±0.75 


±0.40 


12.0 to but not including 25.0 


±2.0 


±1.4 


*0.50 


25.0 and above 


±3.0 


±1.9 


±0.65 



3.9 Other Parameters 

For particular application consideration shall be given 
to the need to specify agreed limits for a number of 
other properties as follows: 



Property 

Flammability 
Tensile strength 

Impact strength 

Compression strength 
Bolt bearing strength 
Shear strength 
Elastic modulus in bend 



Chemical resistance 
Electrical properties 



Heat resistance 



Test Procedure 

Annex B 

IS8543(Part4/ 
Secl):1984 

IS13360(Part5/Sec4): 

1996/ISO 180:1993 
To be agreed 

Annex C 

To be agreed 

IS8543(Part4/Secl):1984 
using Type 3 test 
specimen and rate of grip 
separation 5 mm/min ± 20 
percent 

AnnexJofIS 13411:1992 

IS 2824: 1975 
IS 3396:1979 
IS 4486:1967 
IS 6262:1971 
Annex G of IS 13411:1992 

See Note 



NOTE — It is not possible to recommend a suitable test 
of short duration for the routine testing of the heat resistance 
of these mouldings. It is recommended that the control 
of this property shall be exercised by specifying that 
resin used shall be an agreed type for example complying 
with Type 1 (Fire retardant) of IS 6746:1994. 

3.10 Specific Requirements 

3. 10. 1 Special tests appropriate to specific applications 
may be necessary and shall be subject to agreement. 
Examples of this type of test on the complete moulding 
or assembly are: 

i) Tests on lifeboats; 

ii) Radar transmission characteristics of 
randomness; and 
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iii) Water tightness for containers. 

3.10.2 Tests for long term durability, either on complete 
mouldings or appropriate test specimens may also be 
required and shall be subject to agreement between 
the purchaser and the supplier. Examples of this type 
of test are: 

i) Retention of light transmission; 

ii) Long term heat resistance; 

iii) Abrasion resistance; 

iv) Fatigue; and 

v) Retention of mechanical properties. 

4 SELECTION OF TEST SPECIMENS AND 
FREQUENCY OF TEST 

4.1 Selection of Test Specimens 

For the determination of dimensions hardness and 
residue on ignition, the test specimen shall be taken 
from the mouldings. 

For some other tests, it may be necessary for the test 
specimens to be taken from a special flat moulding, 
made from the same materials and under the same 
fabrication conditions. In this case it is essential that 
the method of preparation of this test moulding is 
agreed in detail between the purchaser and the supplier. 

NOTE — It is the supplier's responsibility to ensure that 
the test moulding is representative of the whole production. 

4.2 Frequency of Tests 

The frequency of test varies for different mouldings 
and for different tests. Sufficient sampling and testing 
shall be carried out to be representative of product 
quality. 

4.3 Test Samples for Purchaser 

When requested by the purchaser, test samples shall 
be supplied representative of the whole production. 
The frequency of sampling shall be agreed between 
the purchaser and the supplier. 



IS 14425 : 1997 



ANNEX A 

(Clause 3.7 A ) 

DETERMINATION OF CURE OF RESIN 



A-l GENERAL 

This method covers the determination of indentation 
hardness of both reinforced and non- reinforced rigid 
plastics using a Barcol Impressor (Model No. GYZJ 
934.1 (See Fig. 1). 

The Barcol impressor is portable and therefore suitable 
for testing the hardness of fabricated parts and individual 
test specimens for production control purposes. 

NOTE — This method is technically identical with 
ASTM D 2583-67. 

A-2 APPARATUS 

A-2.1 In den tor 

The indentor shall consist of a hardened steel truncated 
cone having an angle of 26° with a flat tip 0. 1 57 mm 
in diameter. It shall fit into a hollow spindle and be 
held down by a spring-loaded plunger. 



A-2.2 Indicating Device 

The indicating dial shall have 100 divisions, each 
representing a depth of 0.007 5 mm penetration. The 
higher the reading the harder the material. 

A-3 TEST SPECIMENS 

A-3.1 The testing area shall be smooth and free from 
mechanical damage. 

A-3. 2 Test specimens shall be at least 1.5 mm thick 
and large enough to ensure a minimum distance of 
3 mm in any direction from the indentor point to the 
edge of the specimen. 

A-4 CALIBRATION 

With the plunger upper guide backed out until it just 
engages the spring place the impressor on a glass 
surface and press down until the penetrator point is 
forced all the way back into the lower plunger guide. 
The indicator shall now read 100. If it does not, loosen 
the lock nut and turn the lower plunger guide in or 



INDICATOR 



COVER 
SCREW 



PLUNGER UPPER GUIDE NUT 
PLUNGER 




CASE it 

FRAME 

ASSEMBLY 



SPRING SLEEVE 

POINT SLEEVE 

STOP RING 



Fig. 1 Barcol Impressor 
4 
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out to obtain a 100 reading. Next read the 'hard' 
aluminium disc supplied by the manufacturer of the 
impressor and, if necessary, adjust so that the reading 
is within the range marked on the disc. Then do the 
same with the soft disc. If these readings cannot be 
obtained, subsequent measurements are not valid. 

A-5 PROCEDURE 

A-5.1 Support the test specimens by a hard, firm 
surface if they are likely to bend or deform under the 
pressure of the indentor (see Note 1). The indentor 
must be perpendicular to the surface being tested. 
Grasp the impressor firmly between leg and point sleeve 
and set both on the surface to be tested. For small 
specimens this may require the impressor leg to be 
shimmed by the thickness of the specimen. Quickly 
apply by hand sufficient force (50 N to 70 N) on the 
housing to ensure firm contact with the test specimen 
and record the highest dial reading (see Note 2), Take 
care to avoid sliding or scrapping while the indentor 
is in contact with the surface being tested. 

NOTES 

1 Curved surfaces may t>e more difficult to support. When 
the load is applied, bending and spring action in the 
specimens should be avoided. 

2 Drift in readings from the maximum may occur in 
some materials. These can be non-linear with time. 

A-5.2 Impressions shall not be made within 3 mm of 
the edge of the specimen or of other impressions. 



A-6 NUMBER OF READINGS 



Applications of the Barcol impressor to reinforced 
plastics (non-homogeneous) materials will produce 
greater variation in hardness readings than on non- 
reinforced (homogeneous) materials. This greater 
variation may be caused mainly by the difference in 
hardness between resin and filler materials in contact 
with the small diameter indentor. There is less variation 
in hardness readings on harder materials in the range 
of 50 Barcol and higher and considerably more variation 
in the readings of softer materials. On homogeneous 
materials, five readings are needed to maintain a variance 
of average of 0.28 at a 60-Barcol reading; for the same 
variance of average at 30 Barcol, eight readings are 
needed. On reinforced plastics, in order to maintain 
a variance- of-average of 0.78 at 60 Barcol, ten readings 
are needed; and 29 readings are needed for the same 
variance at the 30 Barcol level (see Table 2). 

A-7 REPORT 

The report shall include the following: 

a) Identification of material tested; 

b) Conditioning of specimen; 

c) Model number of Impressor; 

d) Number of readings taken; 

e) Average of hardness values rounded off to 
the nearest whole scale reading; and 

f) Date of test. 



Table 2 Recommended Sample Sizes To Equalize The Variance-of-the-Average 

( Clause A-6 ) 



Hardness 




Reading 


Coefficient 


Variance 


Minimum 


Scale 




Variance 


of Variation 

percent 


of Average 


No. of Readings 


A. Homogeneous 


Materials 








20 




2.47 


0.26 


0.27 


9 


30 




2.20 


0.17 


0.28 


8 


40 




1.93 


0.13 


0.27 


7 


50 




1.66 


0.11 


0.28 


6 


60 




1.39 


0.09 


0.28 


5 


70 




1.12 


0.08 


0.28 


4 


80 




0.85 


0.07 


0.28 


3 


B. Non-Homogeneous 


Materials (Reinforced Plastics) 






30 




22.4 


2.9 


0.77 


29 


40 




17.2 


2,2 


0.78 


22 


50 




12.0 


1.7 


0.75 


16 


60 




7.8 


1.5 


0.78 


10 


70 




3.6 


1.2 


0.75 


5 
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ANNEX B 

(Clause 3.9) 
METHOD OF TEST FOR FLAMMABELITY 



B-l GENERAL 

This method is intended as a simple control test to 
distinguish between materials and shall not be regarded 
as suitable for design purposes. 

B-2 TEST SPECIMENS 

Four specimens shall be cut from the thinnest part 
of the moulding. Each specimen shall be atleast 100 
mm long and 12.7 ±0.635 mm wide. 

NOTE — In many cases it may be helpful to draw an 
agreed limit line across the specimen at right angles to 
the longitudinal axis. 

B-3 PROCEDURE 

The specimen shall be tested in a draught-free 
atmosphere. It shall be clamped in a rigid support at 
one end so that its longitudinal axis is horizontal and 
its transverse axis is at 45° to the horizontal, and the 
line on the specimen is clearly visible. 



A piece of clean wire gauze (1 .40 mm nominal aperture) 
125 mm square, shall be clamped in a horizontal position 
6.3 mm below the specimen with 6.3 mm of the 
unsupported end of the specimen projecting beyond 
the edge of the gauze. An alcohol burner (see Fig. 2) 
shall be placed centrally under the free end of the 
specimen so that the top of the burner is 50 mm vertically 
below the longitudinal axis of the specimen. The 
temperature of the flame shall be such that a piece of 
0.7 1 mm diameter copper wire, held 50 mm above the 
top of the burner, melts within 6 s 

The burner shall be removed after 30 s and the time 
measured until neither flame nor glow remains visible. 

B-4 EXPRESSION OE RESULTS 

The burning time reported shall be the arithmetic mean 
of the results obtained for the four specimens. 

The flow spread reported shall be that of the sample 
with the greatest spread from the free end. 



AIR 
ORIFICE 




FLAME TUBE 20mm 



FLAME GAUZE APERTURE 
WIDTH 500 urn 

JET 0.79 



CONTROL VALVE 



PRIMARY HEATING CUP 



A 



3^ 



Fig.2 AlcoholBukner 
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ANNEX C 

(Clause 3.9 ) 

METHOD OF TEST FOR BOLT BEARING STRENGTH 



C-l GENERAL 

The method of test is suitable for roofing sheets and 
materials of a similar thickness. 

C-2 NUMBER OF TEST SPECIMENS 

Six test specimens shall be used. 

C-3 TEST SPECIMENS 

Cut the test specimens 1 50 mm * 32 mm, to be as flat 
as possible depending on the configuration of the 
sheet, from a sheet with the long dimension of the 
specimen in the longitudinal direction of the sheet. 
On the centre line of each specimen drill two clean 
holes, the centres being 38 mm from each end of the 
specimen, using a 8 mm twist drill, the specimen being 
fully supported on a wooden backing. 

C-4 PROCEDURE 

Carry out the test of a temperature of 27 ± 2 °C. Place 



the specimen in a tensile testing machine having pins 
of diameter 6 ± 0.127 mm. Thread the pins loosely 
through the holes in the specimen. Place no restraint 
on the specimen. Apply the tension at a constant 
rate such that the jaws of the machine separate at 
1 3 percent mm ± 5 percent per minute, until the first 
tear in the specimen occurs. 

C-5 REPORT 

Record the tearing load during the test of each 
specimen. 



Report: 

a) 

b) 

c) 



the conditioning, if any, previously given 
to the specimens; 

the individual test result, and 

the arithmetic mean of the test results on 
all six specimens. 
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